PATENT COOPERATION Tf;.,>ATY 





From the INTERNATIONAL BUREAU 


PCT 

NOTIFICATION OF ELECTION 

(PCT Rule 61.2) 


To: 

Assistant Commissioner for Patents 
United States Patent and Trademark 
Office 
Box PCT 

Washington, D.C.20231 
ETATS-UNIS D AMERIQUE 

in its capacity as elected Office 


Date of mailing (day/month/year) 

05 October 2000(05.10.00) 




International application No. 
PCT/USOO/00980 


Applicant's or agents file reference 
GJH-0001 


International filing date (day/month/year) 

14 January 2000(14.01.00) 


Priority date (day/month/year) 

15 January 1999(15.01.99) 


Applicant 

RILEY, Kenneth, Lloyd et al 



1. The designated Office is hereby notified of its election made: 

I X I in the demand filed with the International Preliminary Examining Authority on: 
14 August 2000(14.08.00) 

I I in a notice effecting later election filed with the International Bureau on: 



2. The election 



0 
□ 



was 



was not 



made before the expiration of 1 9 months from the priority date or, where Rule 32 applies, within the time limit under 
Rule 32.2(b). 



The International Bureau of WlPO 


Authorized officer 


34, chemin des Colombettes 


Henrik Nyberg 


1211 Geneva 20, Switzerland 


Facsimile No.: (41-22) 740.14.35 


Telephone No.: (41-22) 338.83.38 



Form PCT/13/331 (July 1992) 



US0000980 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



CORRECTED VERSION 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
20 July 2000 (20.07.2000) 




PCT 



(10) International Publication Number 

WO 00/42120 Al 



(51) International Patent Classification^: 
11/02, 11/04 



ClOG 11/00, 



(21) International Application Number: PCT/USOO/00980 

(22) International Filing Date: 14 January 2000 (14.01.2000) 

(25) Filing Language: English 

(26) Publication Language: Fnglish 



(30) PriontyData: 
09/231,156 



15 January 1999 (15.01.1999) US 



(71) Applicant (for all designated States except US): EXXON- 
MOBIL RESEARCH AND ENGINEERING COM- 
PANY [US/US]; P.O. Box 390, 180 Park Avenue, Rorham 
Park, NJ 07932-0390 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): RILEY, Kenneth, 



Lloyd [US/US]; 1289 Rodney Drive, Baton Rouge, LA 
70808 (US). KLEIN, Darryl, Patrick [US/US]; 6265 
Belle Grove Avenue^ Baton Rouge, LA 70820 (US). HOU, 
Zhiguo [CN/US]; 2028 Oakdale Drive, Baton Rouge, LA 
70810 (US). SOLED, Stuart, Leon [US/US]; 21 Cooks 
Cross Road, Pittstown, NJ 08867 (US). KERBY, Michael, 
Charles [US/US]; 10731 McShay Avenue. Baton Rouge, 
LA 70810 (US). McVICKER, Gary, Brice [US/US]; 
65 Main Street, P.O. Box 427, Califon, NJ 07830 (US). 
ELLIS, Edward, Stanley [US/US]; 39 Rankin Avenue, 
Basking Ridge, NJ 07920 (US). TOUVELLE, Micheie, 
Sue [US/US]; 7222 Wickhani, Baton Rouge, LA 70808 
(US). MISEO, Sabato [US/US]; 770 County Road 579, 
Pittstown, NJ 08667 (US). 

(74) Agents: OTT, Roy, J, et aL; ExxonMobD Research and 
Engineering Con^any, P.O. Box 390. Florfiam Park, NJ 
07932-0390 (US). 

(81) Designated States (national): AL, AU, BA, BB, BO, BR, 
CA, CN, CU, CZ, EE, GE, HR, HU, ID, IL, IN. IS, JP. KP. 

[Continued on next page] 



= (54) Title: HYDROTREAUNG OR RAW VIRGIN DISTILLATES USING NOVEL BULK MULTIMETALUC CATALYSTS 





u 



d=1.70A 



to 15 20 25 30 35 40 45 50 55 60 65 



(57) Abstract: Hydrotreaung a petn)leumfeedstream comprised of at least 50 wl %ofan atmospheric distiUation distillate boiling 
range product stream, preferably hydrodesulfiirization of raw virgin petroleum distillates, using a bulk multimetallic catalyst com- 
pnsed of at least one Group Vm non-noble metal and at least two Group VIB metal wherein the ratio of Group VIB metal to Group 
Vni metal is fix)m about 10:1 to 1:10. "•uup 



wo 00/42120 Al lllHiiiliililiiilllllHllllllfll] 



KR, LC, LK, LR, LT, LV, MG, MK, MN. MX. NO, NZ, PL, Published: 

RO, RU, SG, SI, SK, SL, TR, TT, UA, US, UZ, VN, YU, — mth international search report. 

(48) Date of publication of this corrected version: 

12 April 2001 



(84) Designated States (regional)x ARIPO patent (GH, GM, 
KE. LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent 
(AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent 
(AT, BE, CH, CY, DE, DK, ES, H, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SB), OAPI patent (BF, BJ, CF. CG, O, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 



(15) Information about Correction: 

see per Gazette No. 15/2001 of 12 April 2001, Section n 

For two-letter codes and other abbreviations, refer to the **Guid- 
ance Notes on Codes and Abbreviations" c^pearing at the begin- 
ning of each regular issue of the PCT Gazette. 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to tiie PCT on the front pages of pamphlets publishing international applications under the PCX. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Annenia 


FI 


Fmland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bc»nia and Herzegovina 


G£ 


Georgia 


MD 


Republic of Moldova 


TC 


Togo 


BB 


Bartuuios 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turicey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlaiwls 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzstan 


NO 


Norway 


ZW 


Zmibabwe 


CI 


C6te d'lvoiie 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






D£ 


Germany 


LI 


Liechtenstein 


SO 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/USOO/00980 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(7) :C10G U/00, 11/02, 11/04 

US CL : 20/113. 121, 123, 124 
Accofding to International Patent Claaaificatton (IPC) or to both national claiaification and IPC 



a FIELDS SEARCHED 



Minimum documentation searched (claatifkation system followed by classification symbols) 
U.S. : 20/113, 121, 123, 124 



Documetitation seaiched oth^ than minimum documentation to the extent thai such documenU arc included in the fields searched 
NONE 



Electronic data base consulted during the international search (name of data base and, uliere practicable, search tenns used) 
NONE 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



us 5,112,472 A (GOSSEUNK et al) 12 May 1992, col. 1, line 45 
to col. 6, line 9. 

US 4,808,563 A (VELENYI) 28 February 1989, col. 3, line 16 to 
col. 4, line 63. 

US 4,014,925 A (FERLAZZO et al) 29 March 1977, col. 2, lines 4- 
58. 

US 3,850,746 A (ROBSON) 26 November 1974, col. 1, line 12 to 
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I [ the international application as originally filed 
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pages 
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filed with the letter of 



the claims: 
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pages 

pages 

pages 



(See Attached) 



, as originally filed 

, as amended (together with any statement) under Article 1 9 
, filed with the demand 



the drawings: 

pages (See Attached) 

pages 

pages 



, filed with the letter of 



as originally filed 



, filed with the demand 



[x] the sequence listing part of the description: 

pages (See Attached) 

pages 

pages 



, filed with the letter of , 



, as originally filed 

, filed with the demand 



, filed with the letter of . 
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I I the language of publication of the international application (under Rule 48.3(b)). 
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V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



1 . statement 

Novelty (N) Claims 1:20 YES 

Claims NONE ^ NO 

Inventive Step (IS) Claims 1:20 YES 

Claims NONE NO 

Industrial Applicability (lA) Claims 1^0 YES 

Claims NONE NO 



2. citations and explanations (Rule 70.7) 

Claims 1-20 meet the criteria set out in PCT Article 33(2)-(4), because the prior art does not teach or fairly suggest the 
claimed hydroprocessing process, wherein a feedstock is contacted with a bulk multimetallic catalyst comprised of at least 
one Group VIH non-noble metal and at least two Group VIB metals, wherein the ratio of Group VIB metal to Group VIII 
non-noble metal is from about 10:1 to about 1:10. 

Ferlazzo et al. and Velenyi both teach catalysts containing the same components as the bulk multimetallic catalyst (Ni, Mo, 
W, etc.). However, these references teaches ranges of these components that are not commensurate with those respectively 
claimed. Also, these catalysts are useful in the production of methyl acrylate or a mixture of methyl acrylate with acrylic 
acid (Ferlazzo et al.) and for the conversion of methane to higher order hydrocarbons (Velenyi), as opposed to the claimed 
hydroprocessing process. 

Robson and Gosselink et al. both teach hydroprocessing processes using catalysts containing Groups VIB and VIII metals. 
However, the catalysts disclosed in these references are not bulk multimetallic catalysts, i.e., they are not represented by the 
formula recited in the claimed invention. 
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I. BASIS OF REPORT: 

This repon has been drawn on the basis of the description, 

page(s) 6-10, 12. 13, 16-19, 24, 25, 28-30, 31, and 41. as originally filed. 

page(s) 1-5, 11. 14, 15, 20-23, 26, 27, and 32-38, filed with the demand. 

and additional amendments: 

NONE 

This report has been drawn on the basis of the claims, 

page(s) NONE, as originally filed. 

page(s) NONE, as amended under Anicle 19. 

page(s) 39-40, 40a and 40b, filed with the demand. 

and additional amendments: 

NONE 

This report has been drawn on the basis of the drawings, 

page(s) 1-4, as originally filed. 

page(s) NONE, filed with the demand. 

and additional amendments: 

NONE 

This report has been drawn on the basis of the sequence listing part of the description: 

page(s) NONE, as originally filed. 

pages(s) NONE, filed with the demand. 

and additional amendments: 

NONE 
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4.3. To this solution, a concentrated NH4OH solution (abouiyoOO ml) was added 
until the pH reached 10. At this point, some precipitate remained. The solution 
was retluxed at lOO^C lor 3 hours. During this healing, me precipitate dissolved 
to give a clear blue solution and on further heating, a goeen precipitate formed. 
The heating was continued until the pH reached a vame between 6.8 and 7.0. 
The suspension was cooled to room temperature, filtered, washed with water and 
dried at 120°C overnight. 18 grams of material w^re obtained. 

Exa mp l e 1 2 ( samp le 2110587) 

657g of a NiMo-W bulk catalyst composition obtained according to the 
procedure described in Examples 10 or 1 lAvas added to 1362 g of an aqueous 
slurry containing 125g of alumina (prepared by precipitation of sodium 
aluminate and aluminum sulfate). The resulting Ni-Mo-W bulk catalyst - 
alumina composition was subsequently mixed at 80°C until an LOI of 31% was 
obtained. The resulting composition .was subsequently extruded and the 
extrudates were dried at I20.C for about 90 minutes and subsequently calcined 
at 385^C for one hour in air. 




Example 13 (sample 21 105981 

The process of Example 12 w^ repeated except mat instead of the alumina 
suspension, a silica sol containing 10 wt.% silica were applied. 



Example 14 (sample 211059n 

657g of a Ni-Mo-W bulk catalyst composition obtained according to the 
procedure described in Examples 7 or 8 was added to 5 lOg of a boehmite paste 
containing 125g boehmite. The rebuffing paste was mixed at 60*^C to obtain an 

I 
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LOI of 42%. The resulting composition was extruded, dried anp calcined as 
described in Example 12. 

Example 15 (sample 21 in46Q^ 



The procedure described In Example 7 or 8 was repeatefl except that alumina is 
present during the preparation of the bulk catalyst composition. To 755g of the 
resulting dried Ni-Mo-W bulk catalyst - alumina composition containing 60g 
alumina, 46 Ig water and a small amount of nitric afcid were added. The resulting 
mixture was mixed at 70°C while evaporating w/ter until an LOI of 34% was 
obtained. The resulting composition was extruaed, dried and calcined as 
described in Example 12. 



Example 16 

Ammonium molybdate, ammonium tungsten and/or ammonium chromate are 
dissolved and combined in a first reactci-. The temperature is increased to 90''C. 
The Group VIII salt is dissolved in a second reactor and heated to 90°C. 
Ammonium hydroxide is added to the first reactor to form a basic solution. The 
Group VIII metal solution is adde(Mo the first dropwise with stirring in 20 
minutes. After 30 minutes, the p^cipitate is filtered and washed. The 
precipitate is dried overnight at )^20°C and calcined at 385''C. 

Example 17 

The precipitation method of^xample 16 was used to prepare a precipitate from 
ammonium dimolybdate, ammonium meta tungstate and Fe(III(N03)3 • 9 H2O in 
98% yield comprising 4 1 .2 wt.% Fe203, 21.3 vvt.% M0O3, and 36.9 wt.% WO3. 
The surface area of the precipitate was 76 m"/g. The pore volume as measured 
up to 60 nm by BET using the adsorption curve was 0. 147 ml/g. 
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Example 18 

The precipitation method of Example 16 was used to prepare a precipitate from 
Ni(C03)2»6H20. (NH4)„M07024«4H20, and (NH4)2Cr^7 in 87.7% yield 
comprising 52.2 wt.% NiO. 29.4 \vt.% M0O3. and 1^.6 wt.% CriO;,. The surface 
area of the precipitate was 199 m"/g. The pore volume as measured up to 60 nm 
by BET using the adsoqition curve was 0.276 ml^. 




Example 19 

The precipitation method of Example 16 was used to prepare a precipitate from 
Ni(C03)2«6H20, (NH4)6H2W,2O40, and (yH4)2Cr207 in 87.7% yield comprising 
44.0 wt.% NiO, 42.4 wt.% WO3, and 1 l.jS wt.% CrjOs. The surface area of the 
precipitate was 1 99 m"/g. The pore volume as measured up to 60 nm by BET 
using the adsorption curve was 0.245 ml/g. 

/ 

Hvdrotreating Raw Virgin Petroleum Distillates 

/ 

The activity advantage and the strong pressure response of bulk multimetaiiic 
catalysts (BMCat) of the present^invention over conventional bimetallic Group 

VIII/Group VIB bimetallic hydrbtreating catalysts for HDS and HDN is 

// 

demonstrated below through hydrotreating of a European raw virgin feed, 

// 

Antwerp raw virgin distillate./ Comparison between the activity of the BMCat 
and a conventional supported CoMo on alumina/silica catalyst, commercially 
available as KF756 from Akzo Nobel, has been obtained between 1 50 and 400 
psig. Selected feedstock properties are listed in Table 6. Results are found in 
Tables 7, 8 and 9. ' 



Table 6. Analytical Summary for Antwerp 100% Virgin Distillate (FS- 
9593) 
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Test Name 


Result(s) / 


Sulfur in Oils 


9320 wppm / 


Nitrogen by Antek 


79 wppm / 


Gravity 


3:>.4 API / 






GCD D-2887 




5.0 vvt.% 


398 °F (203 °C) 


50.0 wt.% 


561 °F(2^4°C) 


95.0 wt.% 


656 °F /347 °C) 



A reactor was charged with 6 cc of a Coyiubstituted BMCat 
(Coo.3Ni|.2Moo.5Wo.5) which was diluted to 8 cc using denstone. After liquid 
phase sulfiding the catalyst was used /o process Antwerp raw virgin distillate 
(Table 6) in a pressure range of 150 / 400 psig. The lineout liquid products 
were analyzed for sulftir by X-ray and for nitrogen by Antek. Comparison of 
Example 20 with Example 23 reveals that the bulk trimetallic catalyst of the 
present invention has ave much stronger pressure response than the conventional 
bimetallic KF756 catalyst. 

Eyamplg 21 

The procedure of Example tO was repeated except that the cobalt level of the 




BMCat was 0.4 wt.% instead of 0.3 wt.%. Comparison of Example 2 1 with 
Example 23 again reveal|/that the BMCat of the present invention have much 
stronger pressure response than the conventional bimetallic KF756 catalyst. 



Example 22 

The procedure of Example 20 was repeated except that the 0.75 wt.% Co was 
used instead of 0.3 wtii%. Comparison of Example 22 with E.xample 23 again 
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reveals thai ihe BMCai orthe present inveniion have much stronger prcsjmre 
response than the conventional bimetallic KF756 catalyst. 

Example 23 fComnarntive^ 

The procedure of Example 20 was repeated except that only the ^nventional 
bimetallic KF756 catalyst comprised of CoMo/AUO.^ was charged in the reactor. 
Comparison of Example 23 with Example 20. 2 1 and 22 reveals that the BMCat 
of the present invention have much stronger pressure response than the 
conventional bimetallic KF756 catalvst. 



Table 1. Comparison of KF756 and BMCats at 1 SO^^psig. Antwerp Virgin 

Distillate (FS-9593) (S = 9320 ppm, N =#79 ppm). 330 C. 150 psig, 
1 .0 LHSV. TGR = 2000 SCF/B. 







Product S^'* 
ppm 


l*5-ord|r 


HDS RVA to 
RT-601 


Product N*^' 
ppm 


HON RVA 
to KF756 


Example 23 


KF756 


177 (8) 


// 


100 


53 (3) 


too 


Example 24 


BMCai 


210(2) 


^. 


89 


39 (2) 


175 


Example 20 


CoO,3 BMCai 


251(18) 


/3.3 


82 


39(5) 


175 


Example 2 1 


CoO.4 BMCai 


336 (4) 


/ 4.1 


63 


46 (2) 


130 


Example 22 


CoO.75 BMCat 


376(14) 


/ 4.4 


68 


47 (4) 


125 



(1) The value in parentheses is the syndard deviation. Product sulfurs are 
averages of a tew balances after^activity lineout. 

(2) ykHDS = LHSV*(l/SQRT[S]- l/SQRT(S]o)*100. 

(3) The value in parentheses is the/standard deviation. Product nitrogens are not 
lined out values. 



Table 8. Comparison of BMCats with KF756 for HDS and HDN at Different 

Process Pressures. An^^verp Virgin Distillate (FS-9593) (S = 9320 ppm. 
N = 79 ppm). 330 c| 1 .0 LHSV. TGR = 2000 .SCF/B. 
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HDS Relative to KF756'" 


HDN lyiative to 




Hj Pressure^ pstg 


ISO 


250'-' 


4U0 


150 1 


ISO*-** 


400 


Example 20 


CoO,3-BMCat 


81 


130 


300 




350 


432 


Example 2 1 


CoO.a-BMCai 


68 


93 


200 


\f>2 


230 


380 


Example 22 


Co0.75-BMCai 


63 


98 


200 


/1 25 


325 


400 


Example 23 


BMCai (powder) 


89 






/I75 







( 1 ) 1 .5-order volumetric rate constants. 

(2) Ist-order volumetric rate constants. 

(3) Based on the data prior to lineout. 



Exampjg 24 



A reactor was charged with 6 cc of a BMCat having a composition 
Ni|.5Moo.5Wo^ (this is the base composition |pr the bulk multimetallic catalysts 
used in these examples where there no cobah substitution) which was diluted to 
8 cc using denstone. After liquid phase sulfiding the catalyst was used to 
process Antwerp raw virgin distillate (FS|9593. Table 6) at a pressure of 1 50 
psig. The lineout liquid products were analyzed for sulfur by X-ray and for 
nitrogen by Antek. The results were presented in Table 7 and 8 for comparison 
with KF756 and other BMCats. Plots^^igure 3 and 4) of HDS and HDN 
activities verses reator hydrogen pressure provide a performance projection of 
BMCats of the present invention at ml>derate hydrogen pressure. 
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CLAIMS: 

1 . A process for hydrotreating raw virgin petroloUm distillates, which 
process comprises contacting a raw virgin distillate feedstafck. at hydrotreating 
conditions, with a bulk multimetallic catalyst comprised at least one Group 
VIII non-noble metal and at least two Group VIB metal/ and wherein the ratio of 
Group VIB metal to Group VIII non-noble metal is trqm about 10:1 to about 
1:10. 

2. The process of claim 1 wherein the Group VIII non-noble metal is 
selected from Ni and Co and the Group VIB metals are selected from Mo and W 

/ 

3. The process of claim 1 wherein two Group VIB metals are present 



as Mo and W and the ratio of Mo to W is about 9: 1 to about 1 :9. 



4. The process of claim 1 wherein the bulk multimetallic is 
represented by the formula: / 

(X)b (Mo)/(W)d O, 

/ 

wherein X is a Group VIII non-noble metal, and the molar ratio of b: (c+d) is 
0.5/1 to 3/1. 

5. The process of claim 3 A^herein the molar ratio of b:(c+d) is 0.75/1 
to 1.5/1. 

6. The process of claim 3f wherein the molar ratio of c:d is >0.01/1. 



7. The process of claim j wherein the bulk muUimetallic catalyst is 
essentially an amorphous material having a unique X-ray diffraction pattern 



showing crystalline peaks at d = 2.: 



3 Angstroms and d = 1.70 Angstroms. 
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8. The process ofclaim 1 wherein /nc feedstock is comprised of at 
least 50 \vt.% of distillate product from an almospheric distillation process. 
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Catalyst 


Relative Volumetric 
HDS Activity 


Relative VoLd metric 
HDN A/ftivity 


Ni,Mo/Al203 


I 


/ 


NH4-NiMo-0 


0.25 


/0.50 


NH4-Nii,oMo.5W.5-0 


1.4 





The Ni, M0/AI2O3 catalyst is a standard HDN/HDS catalyst, the NH4-Ni-Mo 
phase is the bulk phase with no tungsten, and the NH4-Nri,.oMo.5W 5-O is the bulk 
phase with partial substitution of W for Mo. The NH4^iMo-0 catalyst is also 
representative of known compounds. The catalyst ofihis invention is illustrated 
by NH4-Ni1.0Mo0.5W0.5-O and the data show the cle/r advantage of ammonium 
nickel tungsten molybdate for HDN activity. ^ 



Example TO 

Preparation of a bulk catalyst composition according to the solid route: 
IS.lkg-ammonium dimolybdate (15.33kg M0O3) are dissolved in 575 liters 
water. Subsequently 28.5kg ammonium ftietatungstate (24 69kg WO.^) is added 
to the solution. The resulting solution i/ preheated up to 90°C. 26.5kg NiCOs 
(49.7% Ni) powder is mixed with watefr and the resulting paste is added to the 
ammonium dimolybdate/ammonium metatungstate solution. The resulting 
mixture is reacted for 7 hours at S9°i 



Example 11 

Preparation of a bulk catalyst composition according to the solution route: 
In a 1 -liter flask, 13.2 g ammonium molybdate (0.075 moles Mo), 18.7 g 
ammonium metatungstate (O.Op moles W) and 43.6 g nickel nitrate hexahydrate 
(0. 15 moles Ni) were dissolved in 300 ml water so that the resulting pH equaled 
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This solution was added dropwise at a rate of? cc/min into the ammonium 
molybdate/ammonium metatungstate solution. Ar precipitate begins lo form after 
1/4 of the solution was added. This suspensioaAvhich was at a pH --6.5 was 
stirred for 30 minutes while the temperature was maintained at 9()''C. The 
material was filtered hot, washed with hot \yater, and dried at 120X. 
Approximately 38 g of material was recovered. 

Example 4 Preparation of NH4"Ni-IVj().5-Mo.5W 5-O by controlled pH 
precipitation: 

Two solutions were prepared with me same amounts of nickel, tungsten, 
molybdenum and ammonium hydroxide are described in Example 3 (solutions A 
and B) except that each solution contained about 700 cc of water. The two 
solutions were added into a separate vessel initially containing 400 cc of water 
held at 90°C. Solution B (the Acidic solution) was pumped into the vessel at a 
constant rate of-15cc/min, while solution A is added through a separate pump 
which is under feedback PO control and set to maintain the pH at 6.5. On 
mixing the two solutions ar precipitate forms. The slurry was stirred at 90°C for 
30 minutes, filtered hot. washed with hot water, and dried at 120*^0. 

Example 5 Catalytic Evaluation Using Dibenzothiophene (DBT): 

1 .5-2 g of the cataly^s of Examples 1-4 were placed in a quartz boat which was 
in turn inserted into/a horizontal quartz tube and placed into a Lindberg furnace. 
The temperature wis raised to 370X in about one hour with N2 flowing at 50 
cc/m, and the flow/continued for 1.5 h at 370°C. N2 was switched off and 10% 
H2S/H2 then add^d to the reactor at 20 cc/m, the temperature increased to 
400°C, and held tl ere for 2 hours. The heat was then shut off and the catalyst 
cooled in flowinglH2S/H2 to 70°C. at which point this flow was discontinued 
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precipitate formed. The llnal pH lay between 6.8 aria 7. The .suspension was 
cooled to room temperature, tlltered. washed with ^ater and dried at 120°C 
overnight. About 18.6g of material was obtained. The sample analyzed for Ni 
at 26.6 wt.% and Mo at 34 wt.%. The X-ray dij^raction spectra of the phase 
matches the pattern reported by Teichner. 



Exampk 2 Preparation of NH4-Ni-Mo.5W 5-O by boiling decomposition: 

In a 1 liter flask. 13.2 g ammonium mowbdate (0.075 moles Mo), 18.7 g 
ammonium metatungstate (.075 mole&Av) and 43.6 g nickel nitrate hexahydrate 
(0.15 moles Ni) were dissolved in 300cc of water so that the resulting pH 
equaled 4.3. To this solution, a coi/centrated NH4OH solution (~600cc) was 
added until the pH reached 1 0. M this point, some precipitate remained. The 
solution was refluxed at ~100°G for 3 h. During this heating, the precipitate 
dissolved to give a clear blue /olution and on further heating, a green precipitate 
formed. The heating was cmitinued until the pH reached between 6.8 and 7. 
The suspension was cooled/to room temperature, filtered, washed with water and 
dried at 120°C overnight. /18 grams of material is obtained. The X-ray 
diffraction spectra of the phase is given in Figure 2 showing an amorphous 
background with the twJlargest peaks at d=2.58 and 1.70A. 

t^i^^amplg 3 Preparatidh of NH4-Ni-Mo.5W 5-O by direct precipitation: 

In a 1 liter flask, 17.65 g of ammonium molybdate (0.1 mole Mo) and 24.60 g of 
ammonium metatungstate (0.1 mole W) were dissolved in 800 cc of water giving 
a solution pH of ~5.2| To this solution 0.4 moles of NH4OH (-30 cc) was 
added, raising the pH to -9.8 (solution A). This solution was warmed to 90°C. 
A second solution wis prepared by adding 58.2 g of nickel nitrate, (0.2 moles 
Ni) which was dissolved in 50 cc of water (solution B) and maintained at 90°C. 
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The surface area ofilie catalyst composition preferably is at least 40 m~/g, 
more preferably at least 80 mVg and most preferably at least 120 nr/g. The total 

pore volume of the catalvst composition is preferably at least 0.05 ml/s and more 

/ 

preferably at least 01 ml/e as determined by water porosimetr\-. To obtain 
catalyst compositions with high mechanical strength, it may be desirable that the 

catalyst composition of the invention has a Iow;macroporbsitv. 

// 

// 

// 

It was found that the bulk catalyst particles have a characteristic X-ray 
diffraction pattern which differs from catalys;ts obtained by co-mixing and 

conventional hydroprocessing catalysts obtained by impregnation. The X-ray 

/ 

diffraction pattern of the bulk catalyst particles comprises, and preferably 
essentially consists of, peaks characteristic to the reacted metal components. If, 
e.g., nickel hydroxy-carbonate has beer^ontacted with a molybdenum and 

tungsten component as described above, the resulting bulk catalyst particles are 

/ 

characterized by an X-ray diffraction pattern which comprises peaks at d values 
of (4.09), 2.83, 2.54, 2,32, 2.23, 1.7l/(1.54), 1.47. Values in brackets indicate 

that the corresponding peaks are rather broad and/or have a low intensity or are 

/ 

not distinguished at all. The term Jthe X-ray diffraction pattern essentially 
consists of " these peaks means that apart from these peaks, there are essentially 
no further peaks contained in the^diffraction pattern. The precipitate for catalyst 
obtained by the solution route has a characteristic X-ray diffraction pattern 
which differs from catalyst obtained by co-mixing and conventional 

hydroprocessing catalysts obtained bv impregnation. For instance the X-ray 

I 

diffraction pattern of a Ni-Mo-W precipitate as prepared by the solution route 
has peaks at d values of 2.52il.72 and 1.46. 



Also as previously stated, the catalyst composition may comprise 



conventional hydroprocessing catalysts. The binder materials and cracking 
components of the conventipnal hydroprocessing catalyst generally comprise 
any of the above-described binder materials and cracking components. The 
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catalyst. Suitable conventional hydrodesulfurization catalysts for use in the 
present invention includes those that are comprised ol at least one Group VIII 
metaK preferably Fe, Co or Ni, more preferably Co anwor Ni, and most 
preferably Co; and at least one Group VI metah prelferably Mo or W. more 
preferably Mo, on a relatively high surface area support material, preferably 
alumina. Other suitable hydrodesulfurization catalyst supports include zeolites, 
amorphous silica-alumina, and titania-alumina Noble metal catalysts can also be 
employed, preferably when the noble metal/s selected from Pd and Pt. It is 
within the scope of the present invention mat more than one type of 
hydrodesulfurization catalyst be used iiythe same reaction vessel. The Group 
VIII metal is typically present in an amount ranging from about 2 to 20 wt.%, 
preferably from about 4 to 12%. Ther Group VI metal will typically be present in 
an amount ranging from about 5 to^O wt.%, preferably from about 10 to 40 
wt.%, and more preferably from ^out 20 to 30 wt.%. All metals weight 

percents are on support. By "oi^support" we mean that the percents are based on 

/ 

the weight of the support. Fon'example, if the support were to weigh 100 g. then 
20 wt.% Group VIII metal v^^uld mean that 20 g. of Group VIII metal was on 
the support. 

It has been found that in this case, the bulk catalyst particles are 
sintering-resistant. Thus the active surface area of the bulk catalyst particles is 
maintained during use. /The molar ratio of Group VIB to Group VIII non-noble 
metals ranges generally from 10:1 - 1:10 and preferably from 3: 1 - 1:3. In the 
case of a core-shell structured particle, these ratios of course apply to the metals 
contained in the shelll If more than one Group VIB metal is contained in the 
bulk catalyst particle^, the ratio of the different Group VIB metals is generally 
not critical. The same holds when more than one Group VIII non-noble metal is 
applied. In the case where molybdenum and tungsten are present as Group VIB 
metals, the molybenum:tungsten ratio preferably lies in the range of 9: 1 -1 :9. 
Preferably the Group VIII non-noble metal comprises nickel and/or cobalt. It is 

REPLACED 

m 34 AfiilBT 
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further preferred that the Group VI B metal comprises «ycombination of 
molybdenum and tungsten. Preferably, combinations 
nickel/molybdenum/lungsten and cobaltymoiybderrum/tungsten and 
nickel/cobalt/molybdenum/tungslen are used, 'mese types of precipitates appear 
to be sinter-resistant. Thus, the active surfac^rea of the precipitate is remained 
during use. 

The metals are preferably present as oxidfc compounds of the corresponding 
metals, or if the catalyst composition ha/ been sulfided, sulfidic compounds of 
the corresponding metals. 

Preferably the particles have/a surface area of at least 50 m"/g and more 
preferably of at least 100 m"/g measured VIB the B.E.T. method. It is 
furthermore preferred that the panicles comprise 50 - 100 wt.%, and even more 
preferably 70 - 100 wt.% of at least one Group VIII non-noble metal and at least 
one Group VIB metal, based on the total weight of the particles, calculated as 
metal oxides. The amount of^^roup VIB and Group VIII non-noble metals can 
easily be determined VIB TBM-EDX. 

It is desired that the/pore size distribution of the particles is approximately 

the same as the one of conventional hydrotreating catalysts. More in particular, 

these particles have pref/rably a pore volume of 0.05 - 5 ml/g, more preferably 

of 0.1 - 4 ml/g, still mom preferably of 0.1 - 3 ml/g and most preferably 0.1-2 

ml/g determined by ni^ogen adsorption. Preferably, pores smaller than 1 nm are 

not present. Furthernfore these particles preferably have a median diameter of at 

least 50 nm, more preferably at least 100 nm, and preferably not more than 5000 

jam and more preferably not more than 3000 (an. Even more preferably, the 

median particle diameter lies in the range of 0.1 - 50 jam and most preferably in 
/ 

the range of 0 5 - 60 fim. ^ 



